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Abstract

We studythe origin of the TranserseEmittanceFluctuatiors asmeasuredy Tevatran Flying Wire
Horizortal Detectorat E11location. We concluck, thatthefluctuations arecorrdatedwith thedirec-
tion of thewire flight.

1 Introduction

We studyTevatran TranserseEmittarce measuremntsdore usingFlying Wire (FW) (Seeref [2]) Detector TheFlying Wires
wereusedio measurghetrans\ersebeamspread TheSampledBunchDisplay (SBD) systemwasusedtio measuréongtudinal
beamspread

2 Data Selection

The storesfor this analysis were selectedrom Spring 2003 runring periad when The FW freshnesswunber (ACcelerato
NETwork (ACNET)vaiable T:FWFRSH)wasnotresetsothatonecouldassume oneto onecorrdation betweerthefreshnas
numter parity andthedirectian of flight of thedetecto wire. Therequrementresultedn storerange 2426-254. TheTevatrm
Casechoserfor analysiswas“Inject Protors” (with the beamenegy of 150GeV) asthis is oneof the caseswvherethe same
bunchesaremeasuredor eachparity of thefreshnesnunber. The otherrequrementamposedon the datawere:

1. TheFW freshressnumkerin Case'Initiate Collisions” hadto nonzeroandbe incrementedby atleastonewith respect
to aprevious CaseSet(excep for Setl whereit wasrequiredto begreaterthanO only);

2. The Transerse Emittan@ asmeasuredy the FW E11 Detector(combined with SBD datain the horizontal caseshad
to bebetweerD and50 (Tt- mm- mrad) (to avoid bothnorphysical or difficult to measureases);

3. thebunchwidth sigmahadto correspndto the emittancerepoted by the Front End systemwithin 10%to rejectcases
with dataaquisitionprodems;

4. bunch numberhadto be smallerthan35 to rejectbunclesmeasureanly once

3 Emittance calculations

Thefollowing formuaswereusedto calculatethe Horizontal andVertical (Normalized) Emittances:

op YL YL
en=6[0%—(— 2D2>— g, = 60% =
" ( )P°) B =6

where
Op = Ot * (83.293+ &t x (—10.562+ Ot * 0.8023)) (Seeref[1])

ot is the T:SBD[A,P]SSACNET varialde (longtudinal beambunch spreadn ns), p is the beammomenumin GeV, y| is the
Lorertz gamma, o arebunchwidth asmeasurethy eachof thedetectos (ACNETvariablesT:SL[A,P]S[H, V], T:FW[H,V,E][A,P]SG).
In the FW casethewidth is the arithmeticaverage of thetwo measuremes (for bothof thewire passesrough thebeam).The
dispersionD) andp latticefunctionsusedfor E11,E17,C11(location of the SL detectorjareshavn in Tablel.



Detector betaFunction[m] [ dispersior-unction[m]
FWEIHp&p 2.030
FWEIIV p&p 80804
FWEIHpPp&p 68157 5.278

SLCIIHp 50005 1.517
SLCI1IHp 34040 1.182
SLCI11IVp 107.862
SLCIIVp 101648

Tablel: Tevatronbetaanddispersim functionsfor correspndingmeasurmentlocations

4 Emittance M easurement Dependence on Direction of Wire Flight

Theplotson Fig 1 shav sigmaandcentroidfor Horizontal Flying Wire Detectoratthe E11location Onecanclearly seethat
thevalueof bothsigmaandcentroiddepeml onthedirectionof theflight of thewire. Thesizeof theeffectis about50um The
resultingeffectonthe emittancds abait 10% (Fig 4).

The othertwo detectos do not exhibit suchbig measurerant discrepanies (seeFig 5-12). There is a hint of a flight
directiondepenlencen the E17detectoremittanceplot (Fig 8) but the sizeof the effed is only abou 3% for givenemittances.

The plotsof theremainer of the bunchnumber (0-35 divided by two versustheremainde of Flying Wire DataFreshens
variable divided by two showvn in Fig 4, 8, 12 show thatfor the given collection of storestherewasno correlationbetween
bunchnumter parity andthedirectia of flight.

5 Conclusions

Giventheabove, we conclude, thattheemittanceluctuatimsasmeasuretby the E11Flying Wire Detectoraredueto adetecto
effectandarecorrelatedwith the directian of thewire flight.
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Figure 1: Prota beam,hoiizontal detector: Performanceof the Flying Wire Detectorat the E11 location during Tevatran
Inject Protoncase: sigmaof the bunchwidth distribution (in mm) of the FW detector(basedon the T:FW[E,H,V][A,P]SE

ACNET variable)versusthe remainar of Flying Wire Data Freshnesvariable divided by two (basedon the T:FWFRSH
ACNET varialle); sigmaof the bunch width distribution (in mn) for oddvaluesof DataFreshnesn blackandfor evenvalues
of DataFreshneén red;bunchcentroid(in mm) position(basednthe T:FW[E,H,V][A,P]CE ACNET variable)versis versus

theremainde of Flying Wire DataFreshnewariabledivided by two; bunchcentroid(in mm) positionfor odd valuesof Data
Freshneén blackandfor evenvaluesof DataFreshnesn red.
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Figure2: Protonbeam horizantal detector:Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatroninject
Protoncase:passonesigmaof the bundch width distribution (in mn) of the FW detecto (basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET

variable); passonesigmaof thebunchwidth distribution (in mm) for oddvalues of DataFreshnesn blackandfor evenvalues
of DataFreshnein red;bunc passonecentrad (in mm) position(baseddntheT:FW[E,H,V][A,P]CE ACNET varialie) versus

versugtheremairderof Flying Wire DataFreshnewvarigble divided by two; bunchpassonecentoid (in mnm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figure3: Protonbeam horizantal detector:Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatroninject
Protoncase:passtwo sigmaof the bunchwidth distribution (in mn) of the FW detector(basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET
variable); passtwo sigmaof the bunchwidth distribution (in mn) for oddvaluesof DataFreshnedn blackandfor evenvalues
of DataFreshne red;bunch pasgwo centrad (in mm) position(basednthe T:FW[E,H,V][A,P]ICEACNET variabe) versus
versugtheremainer of Flying Wire DataFreshnewariabe dividedby two; bunc passtwo centroid(in mm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figure4: Protonbeam horizantal detector:Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatroninject
Protoncase:bunchemittance(in - mm- mrad) versis the remairder of Flying Wire DataFreshnewariabledivided by two
(basednthe T:FWFRSHACNET varialde); bunchemittancg(in - mm- mrad) for oddvaluesof DataFreshnsin blackand
for even values of DataFreshnesn red; bunchemittance(in - mm- mrad) versusstorenurrber; the remainer of the bundh
numter (0-35 divided by two versustheremainer of Flying Wire DataFreshnesariabe dividedby two.
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Figure5: Prota beam,hoiizontal detector: Performanceof the Flying Wire Detectorat the E17 location during Tevatran

Inject Protoncase: sigmaof the bunchwidth distribution (in mm) of the FW detector(basedon the T:FW[E,H,V][A,P]SE
ACNET variable)versusthe remainar of Flying Wire Data Freshnesvariable divided by two (basedon the T:FWFRSH
ACNET varialle); sigmaof the bunch width distribution (in mn) for oddvaluesof DataFreshnesn blackandfor evenvalues
of DataFreshneén red;bunchcentroid(in mm) position(basednthe T:FW[E,H,V][A,P]CE ACNET variable)versis versus
theremainde of Flying Wire DataFreshnewariabledivided by two; bunchcentroid(in mm) positionfor odd valuesof Data
Freshneén blackandfor evenvaluesof DataFreshnesn red.
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Figure6: Protonbeam horizantal detector:Perfomanceof the Flying Wire Detectoratthe E17locationduring Tevatroninject

Protoncase:passonesigmaof the bundch width distribution (in mn) of the FW detecto (basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET
variable); passonesigmaof thebunchwidth distribution (in mm) for oddvalues of DataFreshnesn blackandfor evenvalues
of DataFreshnein red;bunc passonecentrad (in mm) position(baseddntheT:FW[E,H,V][A,P]CE ACNET varialie) versus

versugtheremairderof Flying Wire DataFreshnewvarigble divided by two; bunchpassonecentoid (in mnm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figure7: Protonbeam horizantal detector:Perfomanceof the Flying Wire Detectoratthe E17locationduring Tevatroninject
Protoncase:passtwo sigmaof the bunchwidth distribution (in mn) of the FW detector(basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET
variable); passtwo sigmaof the bunchwidth distribution (in mn) for oddvaluesof DataFreshnedn blackandfor evenvalues
of DataFreshne red;bunch pasgwo centrad (in mm) position(basednthe T:FW[E,H,V][A,P]ICEACNET variabe) versus
versugtheremainer of Flying Wire DataFreshnewariabe dividedby two; bunc passtwo centroid(in mm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figure8: Protonbeamhorizantal detector:Perfomanceof the Flying Wire Detectoratthe E17locationduring Tevatroninject
Protoncase:bunchemittance(in - mm- mrad) versis the remairder of Flying Wire DataFreshnewariabledivided by two
(basednthe T:FWFRSHACNET varialde); bunchemittancg(in - mm- mrad) for oddvaluesof DataFreshnsin blackand
for evenvaluesof DataFreshnein red; DataFreshne versusstorenunber;theremairderof the bunchnumter (0-35 divided
by two versustheremainetr of Flying Wire DataFreshnesariabe divided by two.
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Figure9: Protonbeam verticaldetector:Performanceof the Flying Wire Detectorat the E11locationduring Tevatron Inject

Protoncase:sigmaof the bunchwidth distribution (in mm) of the FW detecto (basedon the T:FW[E,H,V][A,P]ISEACNET
variabe) versusthe remander of Flying Wire Data Freshnesvarialle divided by two (basedon the T:FWFRSHACNET
variable); sigmaof the bunchwidth distribution (in mm) for odd values of Data Freshnesn black and for even values of

DataFreshnesn red; bunch centrad (in mm) position(basedon the T:FW[E,H,V][A,P]CE ACNET variable)versusversus
theremainde of Flying Wire DataFreshnewariabledivided by two; bunchcentroid(in mm) positionfor odd valuesof Data
Freshneén blackandfor evenvaluesof DataFreshnesn red.
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Figure10: Protonbeam verticd detector Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatron Inject
Protoncase:passonesigmaof the bundch width distribution (in mn) of the FW detecto (basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET
variable); passonesigmaof the bunchwidth distribution (in mm) for oddvalues of DataFreshnesn blackandfor evenvalues
of DataFreshnein red;bund passonecentrad (in mm) position(baseddntheT:FW[E,H,V][A,P]CE ACNET varialie) versus
versugtheremairderof Flying Wire DataFreshnewariable divided by two; bunchpassonecentoid (in mnm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figurel1l: Protonbeam verticd detector Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatron Inject
Protoncase:passtwo sigmaof the bunchwidth distribution (in mn) of the FW detector(basedon the T:FW[E,H,V][A,P]SE
ACNETvariable)versugheremairderof Flying Wire DataFreshnesariabledividedby two (basednthe T:FWFRSHACNET
variable); passtwo sigmaof the bunchwidth distribution (in mn) for oddvaluesof DataFreshnedn blackandfor evenvalues
of DataFreshne red;bunch pasgwo centrad (in mm) position(basednthe T:FW[E,H,V][A,P]ICEACNET variabe) versus
versugtheremainer of Flying Wire DataFreshnewariabe dividedby two; bunc passtwo centroid(in mm) positionfor odd
valuesof DataFreshnesn blackandfor evenvaluesof DataFreshnein red.
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Figure12: Protonbeam verticd detector Perfomanceof the Flying Wire Detectoratthe E11locationduring Tevatron Inject
Protoncase:bunchemittance(in - mm- mrad) versis the remairder of Flying Wire DataFreshnewariabledivided by two
(basednthe T:FWFRSHACNET varialde); bunchemittancg(in - mm- mrad) for oddvaluesof DataFreshnsin blackand
for even values of DataFreshnesn red; bunchemittance(in - mm- mrad) versusstorenurrber; the remainer of the bundh
numter (0-35 divided by two versustheremainer of Flying Wire DataFreshnesariabe dividedby two.
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